The fact that anucleate fragments of Acetabularia mediterranea are capable of regeneration and morphogenesis and of specific protein synthesis has been known for many years." 2 The information needed for these processes obviously comes from the nucleus and must be stored for a considerable time in the cytoplasm: this can be most readily explained in molecular terms by assuming that the nucleus produces messenger ribonucleic acids (mRNA's), which ma} well remain in a stable and active form in the anucleate cytoplasm for several weeks. This hypothesis, which has been presented and discussed several times by one of US,' 4 is supported by a number of indirect experiments: the effects of actinomycin,5 6 ribonuclease,7 and localized UV radiation8 have been found to be those one would expect if one assumes the presence, at the apex of the stalk, of stable RNA molecules originating from the nucleus. More direct evidence comes from autoradiography8 I which shows that precursors for RNA synthesis (adenine, for instance) are at first incorporated into the nucleolus; in pulse experiments, the labeled nuclear RNA migrates into the cytoplasm, where it becomes distributed along a decreasing apico-basal gradient.
The fact that anucleate fragments of Acetabularia mediterranea are capable of regeneration and morphogenesis and of specific protein synthesis has been known for many years." 2 The information needed for these processes obviously comes from the nucleus and must be stored for a considerable time in the cytoplasm: this can be most readily explained in molecular terms by assuming that the nucleus produces messenger ribonucleic acids (mRNA's), which ma} well remain in a stable and active form in the anucleate cytoplasm for several weeks. This hypothesis, which has been presented and discussed several times by one of US,' 4 is supported by a number of indirect experiments: the effects of actinomycin,5 6 ribonuclease,7 and localized UV radiation8 have been found to be those one would expect if one assumes the presence, at the apex of the stalk, of stable RNA molecules originating from the nucleus. More direct evidence comes from autoradiography8 I which shows that precursors for RNA synthesis (adenine, for instance) are at first incorporated into the nucleolus; in pulse experiments, the labeled nuclear RNA migrates into the cytoplasm, where it becomes distributed along a decreasing apico-basal gradient.
Regarding total RNA synthesis in anucleate fragments, we should mention the results of Naora et al."0 and of Schweiger and Bremer:11 the former found that in anucleate fragments of Acetabularia there is a synthesis of "chloroplastic" RNA, and a parallel decrease of the RNA fractions (presumably mostly ribosomal RNA) which remain in the supernatant after centrifugation of the chloroplasts. Schweiger and Bremer" found that anucleate fragments can synthesize considerable amounts of RNA if the algae are kept in darkness for a few days before section.
These two sets of experiments suggested that the presence of chloroplasts might be an important factor in the study of RNA metabolism in Acetabularia. In fact, isolated chloroplasts contain DNA12 1" that can synthesize RNA14 15 molecules, the nature of which remains unknown. The fact that this in vitro RNA synthesis is partially inhibited by treatment of the isolated chloroplasts with actinomycin suggests that chioroplastic DNA is the template for the synthesis of these RNA molecules.
In order to clarify this situation, we have studied the following points: (1) the base composition of the RNA's present in the nucleolus, the nuclear sap, the apical (capable of regeneration) and basal (incapable of regeneration) parts of the stalk, whole chloroplasts, and ribosomes isolated from the chloroplasts; (2) the base composition of gametic DNA; (3) the behavior of ribosomes and polysomes in whole algae and anucleate fragments; and (4) the behavior of ribosomal RNA (rRNA) in anucleate fragments.
Material and Methods.-(a) Culture of the algae: The algae were cultivated in sterilized natural sea water according to Lateur, '6 with an illumination period of 12 hr.
(b) Microelectrophoresis: The procedure used has been described in detail by one of US.17, 18, 27 (c) Microdissection and extraction of RNA (or DNA) for analysis by microelectrophoresis: In the case of the nucleolus and nucleoplasm (nuclear sap), the rhizoids were fixed with glutaraldehyde for 24 hr, washed, dehydrated, and embedded in paraffin in the usual way.
The deparaffinized sections were placed in an oil chamber and treated with 0.01 N acetic acid; nucleolus and nucleoplasm were dissected out under paraffin oil, using a de Fonbrune micromanipulator equipped with two glass needles. RNA was extracted with ribonuclease (RNase), and the resulting nucleotides were analyzed by microelectrophoresis after hot acid hydrolysis. Gametes were collected after the cysts completed germination.
(d) RNA composition of the apical and the basal parts of the stalk: Fragments (3.5 mm long) were cut in 0.25 M sucrose. Their contents were squeezed out onto coverslips, which were allowed to dry; they were then treated with 1 M perchloric acid (PCA), ice cold, for 5 min, absolute ethanol for 30 min, chloroform for 30 min, 94% ethanol overnight, and dried again. After these treatments, the RNA was extracted and analyzed for nucleotide composition by microelectrophoresis as described above.
(e) RNA composition of the whole chloroplasts: The algae were homogenized in a mixture of 0.4 mol mannitol, phosphate buffer, pH 6.9 (0.06 mol), and MgCl2 (0.02 mol). The homogenate was filtered by suction on bolting silk (mesh size 25 M), through a Millipore filter. The cell membranes were eliminated by a 30-sec centrifugation at 550 g, and the chloroplasts were pelleted by a 5-min centrifugation at 2500 g. This sediment was smeared on coverslips and treated as above for RNA analysis.
(f) RNA composition of isolated chloroplastic ribosomes: These were isolated in the following way:19 chloroplasts were homogenized in the same buffer, but containing 0.5% Triton X100 with a Virtis homogenizer until complete disruption. The homogenate was centrifuged at 20,000 rpm for 10 min; the pellet was eliminated, and the supernatant was centrifuged again at 40,000 rpm for 90 min. The pellet was considered as consisting mainly of chloroplastic ribosomes. The base composition of the RNA present in this fraction was analyzed by thin-layer chromatography, after hydrolysis with KOH, with the method outlined in the following paragraph.
(g) Extraction of "chloroplastic" and "cytoplasmic" rRNA's; Base analysis by chromatography: Ribosomal RNA's were extracted from chloroplasts and from cytoplasm (i.e., membranes plus the supernatant after elimination of the chloroplasts by the phenol procedure already described20 21). They were separated on sucrose gradients and the UV-absorbing peaks were collected, pooled, dialyzed and lyophilized. The dry RNA powder (25-100 jig) was treated with the smallest possible volume of 0.3 N KOH for 18 hr and the digest was put on glass plates covered with prewashed cellulose (type MN-300, Macherey, Nagel et Co.). The samples were run successively, according to Scherrer et al.,22 in Solvent 1: isobutyric acid, 250 ml; concentrated ammonium hydroxide, 5 ml; twice-distilled water, 145 ml; Solvent 2: saturated ammonium sulfate solution, 80 ml; sodium acetate M, 18 ml; isopropanol, 2 ml.
(h) Separation of labeled ribosomes and polyribosomes: Twenty-five adult whole plants, or 25 fragments of algae enucleated 2 days before, were incubated for 2 hr in the light at 20 'C in sea water containing 100 /c/ml of H3-uridine (The Radiochemical Center, Amersham).
Homogenization, elimination of chlorophyll-containing material, ribonuclease (RNase Sigma) treatment of one part of the homogenate, 15-30% sucrose gradient centrifugations, and measurement of the radioactivity in 2-drop fractions were performed as previously described.23 VOL. 59, 1968 407' In some experiments, the S values of the sedimenting components were checked by calibrating the sucrose gradients with nonradioactive E. coli 70, 50, and 30S ribosomes; in such cases, the absorbance at 260 mp was measured in the diluted fractions before TCA precipitation.
Results.-(a) Base composition of the RNA's present in the various constituents of whole algae: The main results are summarized in the following tables. Table  1 gives the values obtained for the base composition of total RNA in the nucleolus, the nucleoplasm, the apical and basal ends of the stalk, and whole chloroplasts. It also gives information about the base composition (adenine content) of the DNA present in the gametes. Table 2 demonstrates the existence of differences in base composition between the rRNA's extracted with phenol from the cytoplasm and the chloroplasts: it also gives data for the base composition of the RNA present in chloroplastic ribosomes.
The adenine content of gametic DNA (Table 1) is given on the assumption that A + G equals 50, and is derived from the A/G ratio found in the microelectrophoretic analyses. In a double helix DNA, the G + C content is consequently 42 per cent for the nuclear DNA. This value is in perfect agreement with data obtained by analytical centrifugation of gametic DNA in CsCl gradients (B. Green et al., ref. 24). monomeres. When the Mg++ concentration in the homogenate is increased to 0.008 M by the addition of Mg acetate, the relative degree of labeling of 50S as compared to 70S, and of 30S as compared to 70S, remains unchanged (Fig. 2) . Thus, it seems unlikely that the 50 and 30S components consist of subunits of monosomes dissociated by a lack of Mg++ ions. The only effect of a high Mg++ concentration seems to be a decrease in the yield of polyribosomes, as revealed by the RNase treatment. Plants which have been anucleated two days before, and allowed to heal in the light, are able to incorporate H3-uridine into their polysomes as well as into the 70, 50, and 30S particles (Fig. 3) . Very little radioactivity is lost from the polyribosomal region and transferred to the 70S ribosomes following RNase treatment. However, when the anucleate fragments have been allowed to heal in the dark, an important increase of radioactivity is observed in the 70, 50, and 30S peaks; this stimulation is especially striking in the case of the polyribosomes (Fig. 4) .
(2) Behavior of rRNA in anucleate fragments: It has not been possible to compare the base composition of rRNA in nucleate and anucleate Acetabularia for the following reason: Very soon after enucleation (2 days), it is no longer possible to detect the two peaks corresponding to rRNA. Using the same conditions of RNA extraction which were successful in whole algae, a complete disappearance of the two ribosomal peaks was sometimes observed, and sometimes only one peak had disappeared. In other experiments, the two peaks were still present, but they were localized in the lighter regions of the gradient. In order to be certain that the activity of ribonuclease is not abruptly increased 400 in the anucleate fragments, E. coli ribosomes have been mixed with an extract of these fragments. It was found that the subsequent isolation and separation of the 23 and 16S peaks of E. coli ribosomes remain unchanged. This is in agreement with Schweiger's, '1 finding that ribonuclease activity is of the same order of magnitude in nucleate and anucleate fragments.
Moreover, any remaining doubt concerning the degradation of the heavy rRNA has been eliminated by the following experiment: H3-uridine-labeled heavy rRNA has been isolated on a sucrose gradient and then mixed with an unlabeled homogenate of whole plants. In a new sucrose gradient, only one symmetrical peak of radioactivity appeared; it corresponded exactly with the position of the unlabeled heavy rRNA peak. However, it is unlikely that the failure to recover the 25 and 16S RNA peaks means a disappearance from the anucleate fragments of the ribosomal particles themselves: electron microscopy shows that ribosomelike particles remain unchanged in their aspect and concentration in the anucleate fragments (unpublished observations by M1. Boloukhere).
Discussion.-Many of the results described in this paper are puzzling and, at present, difficult to interpret. The following points deserve mention.
(1) The base composition of the nucleolar RNA is different from that found in the nucleoli dissected out of Triturus26 and starfish2l ovocytes, in which guanylic acid is preponderant. On the other hand, the nucleolar RNA of Chironomus salivary gland cells, is, like that of Acetabularia,29 rich in A and U; it also shows a tendency towards symmetry between A and U and between G and C. Such a tendency, as shown in Table 1 , is very striking in the Acetabularia nucleolus: its RNA is definitely a DNA-like RNA. The amounts of A (29.2%) and U (30.0%) and those of G (19.7%) and C (20.6%) correspond very closely. Furthermore, the A content of the nucleolar RNA is the same as that of the nuclear DNA (29.0%6) of the alga. This situation might, at first sight, reflect an accumulation of messenger RNA (DNA-like composition, fast labeling) in the nucleolus. But, in Chironomus and Drosophila, the nucleolar RNA, despite its DNA-like composition, is entirely preribosomal.25 No definite conclusions can be drawn without further work, especially since it has so far been impossible to isolate clean fractions of cytoplasmic ribosomes from Acetabularia.
(2) The base composition of the nucleoplasm RNA is completely different from that of nucleolar RNA; it is characterized by a very high content in U (38.2%), such as has only been found, so far, for the nuclear sap of certain ovocytes in Triturus.2 It is tempting to correlate our observations with recent findings made on bird erythrocytes22' 2 and on HeLa cells :29 the presence of a high-molecular-weight RNA, rich in U (28 to 36%), has been demonstrated in the nuclei of these cells. There is no simple relationship between this U-rich nuclear RNA and the cytoplasmic messenger RNA. Its role (messenger for the synthesis of nuclear proteins, control of gene activity?) remains unknown.
(3) One thing is clear: the base compositions of the rRNA's extracted with phenol from the cytoplasm and from the whole chloroplasts, as well as that of the total RNA of the chloroplastic ribosomes (direct estimation), are different ( Table  2) . The latter are definitely of the GC type (G + C = 54.5%), while the VOL. 59, 1968 G + C content of the cytoplasmic rRNA is 41.3 per cent only. A high content in G + C (56.9%) has also been reported for rRNA isolated, by a similar method, from leaves of spinach and other plants. 32 In our experiments, the rRNA extracted with phenol from whole chloroplasts had a slightly higher G + C content (54.5%) than the RNA present in isolated chloroplastic ribosomes (base composition measured by direct analysis).
(4) The composition of the total RNA of the chloroplasts (direct analysis) is very different from that of phenol-extracted chloroplastic rRNA (compare Tables 1 and 2) : it is relatively poor in G + C (42%,) as compared to the high G + C content of the chloroplastic ribosomes. Such a difference is not surprising, since, in Acetabularia, whole chloroplasts must certainly contain many different RNA species, as evidenced by the fact that they are capable of independent RNA and protein synthesis.14 According to recent work by Schweiger et al. 33 and by Berger,34 the chloroplasts of nucleate and anucleate fragments, as well as isolated chloroplasts of Acetabularia, are able to synthesize several species of RNA's (238, 16S, and 4S). It is worth mentioning, although the coincidence might be merely fortuitous, that chloroplastic DNA has a G + C content (45%) not very different from that of the RNA present in whole chloroplasts (B. Green et al.24).
(5) There is, as one would expect from the fact that cyclosis is very active in Acetabularia, no significant difference in base composition between the total RNA's present in the apex and in the basal part of the stalk. The values obtained (Table 1) give a higher G + C content for these fragments than for the isolated whole chloroplasts; this difference might be due to the presence, in the fragments of molecular species different from those located in the chloroplasts; they are probably present in the cell sap or in the membranes.
(6) More surprising is the fact that anucleate fragments of the alga are still able to incorporate H3-uridine into their polyribosomes, as well as into 70, 50, and 30S particles. One would have expected the synthesis of messenger RNA to be impossible in the absence of the nucleus. The fact that the radioactivity of the 70, 50, and 30S particles, and especially that of the polyribosomes, markedly increases when the anucleate fragments have been kept for some time in the dark before the H3-uridine pulse is in very good agreement with the aforementioned observations of Schweiger and Bremer;" they found considerable synthesis of total RNA in anucleate fragments which had been kept in the dark for a few days before the section. The fact that light strongly stimulates the formation of polyribosomes in anucleate fragments which have been previously cultivated in darkness suggests that, under these experimental conditions, messenger RNA molecules synthesized on the chloroplastic DNA template might diffuse out of the chloroplasts and combine with the cytoplasmic ribosomes in order to form active polyribosomes. Further work is obviously needed before this hypothesis can be accepted as a fact.
(7) The ribosomes of the anucleate fragments of Acetabularia display puzzling properties: the evidence from electron microscopy and from sucrose gradient centrifugation clearly demonstrates that ribosomal particles exist in the anucleate fragments. On the other hand, only two days after enucleation, it becomes impossible to detect the two ribosomal RNA peaks with methods which are very satisfactory in the case of the whole algae. The reason for this difference, which is not due to degradation of ribosomal RNA, remains unknown and will not be understood until a satisfactory method for the isolation of the ribosomes from Acetabularia has been worked out.
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